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ON (54) Title: INHIBITORS OF COPPER-CONTAINING AMINE OXIDASES 

S (57) Abstract: The present invention is directed to hydrazine) compounds that functions as inhibitors of copper-containing amine 
— ^ oxidases commonly known as semicarbazidesensidve amine oxidases (SSAO), including the human SS AO known as Vascular Ad- 
^ hesion Protein- 1 (VAP-l). These SSAO inhibitors have therapeutic utility as drugs to treat conditions and diseases including, but not 
limited to, a number of inflammatory conditions and diseases (in particular chronic inflammatory conditions such as chronic arthri- 
O tis, inflammatory bowel diseases, and chronic skin dermatomes), diseases related to carbohydrate metabolism and to aberrations in 
J^. adipocyte differentiation or function and smooth muscle cell function, and vascular diseases. The compounds have general formula: 
^ or a pharmaceutical ly acceptable solvate, hydrate, or salt thereof, wherein R l to R 8 and X are as defined herein. 



WO 02/02090 



PCT/FI0 1/00638 



1 

Inhibitors Of Copper-Containing Amine Oxidases 

5 

Field of tlte Invention 

10 The present invention is in the field of medicinal chemistry and is directed 

to hydrazino compounds and their use as inhibitors of copper-containing amine 
oxidases (E.C. 1.4.3.6) and enzymes of significant identity thereto. The 
compounds of the present invention have therapeutic utility as drugs to treat 
diseases including, but not limited to, inflammatory diseases. In particular, acute 

15 and chronic inflammatory conditions or diseases such as chronic arthritis, 
inflammatory bowel diseases and skin dermatoses as well as diseases related to 
carbohydrate metabolism and to aberrations in adipocyte differentiation or 
function and smooth muscle cell function may be treated with the compounds. 

20 Background of the invention 

VAP-l is a human endothelial cell adhesion molecule that has several 
unique properties that distinguish it from the other inflammation-related adhesion 
molecules. It has a unique and restricted expression pattern and mediates 

25 lymphocyte binding to vascular endothelium (Salmi, M, and Jalkanen, S., Science 
257: 1407-1409 (1992)). Inflammation induces the upregulation of VAP-l to the 
surface of vascular endothelial cells mediating leukocyte entry to skin, gut and 
inflamed synovium (Salmi, M., and Jalkanen, S., Science 257:1407-1409 (1992); 
Salmi, M., etaL, J. Exp. Med 775:2255-2260 (1993); Arvillomi, A., etal. 9 Eur. J. 

30 Immunol 25:825-833 (1996); Salmi, M., et aL, J. Clin. Invest PP:2165-2172 
(1997); (Salmi, M., and Jalkanen, S., J. Exp. Med 755:569-579 (1996); J. Exp. 
Med 755:589-600 (1997)). One of the most interesting features of VAP-l is a 
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catalytic extracellular domain which contains a monoamine oxidase activity 
(Smith, D.J., et aL 9 J. Exp. Med 188: 17-27 (1998)). 

The cloning and sequencing of the human VAP-1 cDNA revealed that it 
encodes a transmembrane protein with homology to a class of enzymes called the 

5 copper-containing amine oxidases (E.C. 1 .4.3 .6). Enzyme assays have shown that 
VAP-1 possesses a monoamine oxidase (MAO) activity which is present in the 
extracellular domain of the protein (Smith, D.J., et aL, J. Exp. Med 188:17-27 
(1998)). Thus, VAP-1 is an ecto-enzyme. Analysis of the VAP-1 MAO activity 
showed that VAP-1 belongs to the class of membrane-bound MAO's termed 

0 semicarbazide-sensitive amine oxidases (SS AO). These are distinguished from the 
widely distributed mitochondrial MAO-A and B flavoproteins by amino acid 
sequence, cofactor, substrate specificity and sensitivity to certain inhibitors. 
However, certain substrates and inhibitors are common to both SS AO and MAO 
activities. The mammalian SS AO's can metabolize various monoamines produced 

5 endogenously or absorbed as dietary or xenobiotic substances. They act 
principally on primary aliphatic or aromatic monoamines such as methyiamine or 
benzylamine (Lyles, G. A, Int. J. Biochem. Cell Biol 2*259-274 (1996)). Thus, 
VAP-1 located on the vascular endothelial cell surface can act on circulating 
primary monoamines with the following reaction pathway. 

D KNH 2 +O2 + H2O ► RCHO+H2O2 + NH3 

The physiological substrates of VAP-1 SS AO in man have not been dearly 
identified however methyiamine is a good substrate for VAP-1 SSAO. 
Methyiamine is a product of various human biochemical pathways for the 

5 degradation of creatinine, sarcosine and adrenaline, and is found in various 
mammalian tissues and in blood. It can also be derived from the diet by gut 
bacterial degradation of dietary precursors. The concentration of methyiamine in 
the blood can be increased in certain physiological and pathological situations such 
as diabetes. Another potential physiological substrates is aminoacetone. 

) VAP-1 SSAO activity has been proposed to be directly involved in the 

pathway of leukocyte adhesion to endothelial cells by a novel mechanism 
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involving direct interaction with an amine substrate presented on a VAP-1 ligand 
expressed on the surface of a leukocyte (Salmi et aL Immunity, (2001)). This 
publication describes the direct involvement of VAP-1 SSAO activity in the 
process of adhesion of leukocytes to endothelium. Thus inhibitors of VAP-1 
5 SSAO activity could be expected to reduce leukocyte adhesion in areas of 
inflammation and thereby reduce leukocyte trafficking into the inflamed region and 
therefore the inflammatory process itself 

In human clinical tissue samples expression of VAP-1 is induced at sites of 
inflammation. This increased level of VAP-1 can lead to increased production of 
10 H 2 0 2 generated from the action of the VAP-1 SSAO extracellular domain on 
monoamines present in the blood. This generation of H 2 0 2 in the localised 
environment of the endothelial cell could initiate other cellular events. H 2 0 2 is a 
known signalling molecule that can upregulate other adhesion molecules and this 
increased adhesion molecule expression may lead to enhanced leukocyte 
15 trafficking into areas in which VAP-1 is expressed. It also may be that other 
products of the VAP-1 SSAO reaction could have biological effects also 
contributing to the inflammatory process. Thus the products of the VAP-1 SSAO 
activity may be involved in an escalation of the inflammatory process which could 
be blocked by specific SSAO inhibitors. 
20 VAP-1 SSAO may be involved in a number of other pathological 

conditions associated with an increased level of circulating amine substrates of 
VAP-1 SSAO. The oxidative deamination of these substrates would lead to an 
increase in the level of toxic aldehydes and and oxygen radicals in the local 
environment of the endothelial cell which could damage the cells leading to 
25 vascular damage. Increased levels of methylamine and aminoacetone have been 
reported in patients with Type I and Type H diabetes and it has been proposed that 
the vasculopathies such as retinopathy, neuropathy and nephropathy seen in late 
stage diabetes could be treated with specific inhibitors of SSAO activity. 

Takahashi, H., etaL, Yakugaku Zassfri 101(12)\\ 154-1 156 (1981), report 
30 the synthesis of a number of i^alkylaminoephedrines, including N- 
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Cisopropylideneamino)-ephedrine (or /?,£-(+)-(2-hydroxy-l-methyl-2- 
phenylethyl)methylhydrazone-2-propanone): 




These hydrazone compounds were synthesized to evaluate their effect on the 
5 bronchial musculature and were found not to exhibit any significant activity. 

Grifentini, M., etaL, Farmaco, Ed Set 23(3): 197-203 (1968), report the 
synthesis of several alkyl- and acyl-derivatives of iV-amino- 1 -ephedrine and iV- 
amino-d-pseudoephedrine having antidepressant and monoamine oxidase 
inhibitory properties. Among the compounds disclosed is the hydrazone erythro- 
10 (3-hydroxy-a-methylphenethyl)methylhydrazone cyclohexanone, which has the 
following structure: 



or- ^ 



The development of specific VAP-1 SSAO inhibitors that modulate VAP-1 
activity would be useful for the treatment of acute and chronic inflammatory 

1 5 conditions or diseases such as chronic arthritis, inflammatory bowel diseases, and 
skin dermatoses, as well as diseases related to carbohydrate metabolism (including 
diabetes and complications resulting from diabetes). In addition, aberrations in 
adipocyte differentiation or function and smooth muscle cell function (in 
particular, athersclerosis), and various vascular diseases may be suitable for 

20 treatment with VAP-1 SSAO inhibitors. 
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Summary oftlte Invention 

The present invention is broadly directed to the use of hydrazino 
5 compounds of Formula I or H as inhibitors of the class of copper-containing amine 
oxidases known as semicarbazide-sensitive amine oxidases (SSAO), including the 
human SSAO known as Vascular Adhesion Protein- 1 (VAP-1). As VAP-1 SSAO 
inhibitors, compounds of the present invention can function to prevent leukocyte 
adhesion events mediated through SSAO activity as well as other functions of 
10 VAP-1 SSAO. Compounds of the present invention are therefore useful for 
treating a number of inflammatory conditions and diseases of connective tissue, 
skin, and the gastrointestinal, central nervous system, and pulmonary systems, 
including such conditions as chronic arthritis, inflammatory bowel diseases, and 
chronic dermatoses. The compounds are also useful for treating diseases related 
15 to carbohydrate metabolism (such as diabetes), to aberrations in adipocyte 
differentiation or function or smooth muscle cell function (such as atherosclerosis 
and obesity), and to various vascular diseases (such as atheromatous and 
nonatheromatous ateriosclerosis, ischemic heart disease, and peripheral aterial 
occlusion). 

20 A further aspect of the present invention is to provide a pharmaceutical 

composition useful for treating disorders responsive to a decrease in SSAO 
activity, containing an effective amount of a compound of Formula I or II in a 
mixture with one or more pharmaceutically acceptable carriers or diluents. 
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Detailed Description of the Invention 

One aspect of the invention is to use a specific group of hydrazine 
compounds having the general formula I or II as defined below, for the 
5 manufacture of a pharmaceutical preparation for inhibiting a copper-containing 
amine oxidase. 

Another aspect of the invention is to use a specific group of hydrazino 
compounds having the general formula I or II as defined below, for the 
manufacture of a pharmaceutical preparation for the treatment of an inflammatory 

10 disease or condition, a disease related to carbohydrate metabolism, a disease 
related to aberrations in adipocyte differentiation or function or smooth muscle 
cell function, or a vascular disease. 

A further aspect of the present invention is directed to a method of 
inhibiting a copper-containing amine oxidase, the method comprising contacting 

1 5 said amine oxidase with an inhibitory effective amount of a hydrazino compound 
of Formula I or II either in racemates or optically pure forms 



r^^nhr 1 



'OR 7 



R |£ NHR1 xe 

(R 3 -C-R 4 ) n 



OR 7 



20 as a racemate or an isomer, or a pharmaceutically acceptable solvate, hydrate, 
or salt thereof; 
wherein: 

R 1 is hydrogen, (Ci-C 4 )alkyl> aralkyl , (C 2 -Cs)alkanoyl, aroyl or heteroaroyl, 
R 2 is hydrogen, or optionally substituted (Ci-C 4 )alkyl, optionally substituted 
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cycloalkyl or optionally substituted aralkyl; 

R 3 - R 5 , which can be the same or different, are hydrogen, optionally 
substituted (Ci-C 4 )alkyl, optionally substituted aralkyl, optionally substituted 
phenyl or optionally substituted heteroaryl; 
5 R l and R 2 can represent an optionally substituted heterocycle, 
R 2 and R 3 can represent an optionally substituted heterocycle, 
R 3 and R 5 can represent a saturated, optionally substituted carbocycle; 
R 7 is hydrogen, (C r C 4 )aIkyl, (C 2 -C 5 )alkanoyl or aralkyl; 
R 8 is (Ci-C 4 )alkyl or aralkyl; 
10 nis 1,2 or 3; 

X is chloride, bromide, iodide or R 2 -sulfate, wherein R 2 has the meaning 
indicated herein. 

In one embodiment, said contacting occurs in vitro. In another 
embodiment, said contacting occurs in vivo. 
15 The present invention is also directed to methods of treating or preventing 

inflammatory diseases or conditions using a hydrazino compound ofFormulal or 
II: 

R %^ NHR1 R^NHR* q 

(R 3 -C-R 4 ) n (R 3^ c ^ R 4 )n 

i n 

as a racemate or an isomer, or a pharmaceutical^ acceptable solvate, hydrate, or 
20 salt thereof; wherein: 

R l is hydrogen, or (Ci-C 4 )alkyl, aralkyl , (C2-C 5 )alkanoyl, aroyl or heteroaroyl 
R 2 is hydrogen, or optionally substituted (d-C^alkyl, optionally substituted 
cycloalkyl or optionally substituted aralkyl; 

R 3 - R 5 , which can be the same or different, are hydrogen, optionally 
25 substituted (Ci-C 4 )alkyl, optionally substituted aralkyl, optionally substituted 
phenyl or optionally substituted heteroaryl; 
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R 1 and R 2 can represent an optionally substituted heterocycle, 
R 2 and R 3 can represent an optionally substituted heterocycle, 
R 3 and R 5 can represent a saturated, optionally substituted carbocycle; 
R 7 is hydrogen, (d-C 4 )aIkyl, (C2-C 5 )alkanoyl or aralkyl; 
5 R 8 is (Ci-C 4 )alkyl or aralkyl; 
qisl, 2 or 3; 

X is chloride, bromide, iodide or R 2 -sulfate, wherein R 2 has the meaning 
indicated herein. 

In one embodiment, the hydrazino compounds of Formula I or II are 
10 used to treat or prevent connective tissue inflammatory conditions and 

diseases. In particular, the compounds can be used to treat such conditions or 
diseases as rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, and 
osteoarthritis. 

In another embodiment, the compounds ofFormula I or H are used to treat 
15 or prevent gastrointestinal inflammatory conditions and diseases, in particular 
those such as Crohn's disease, ulcerative colitis, and irritable bowel syndrome. 

In yet another embodiment, the hydrazino compounds ofFormula I or II 
are used to treat central nervous system inflammatory conditions and diseases, 
including multiple sclerosis, Alzheimer's disease, and ischaemia-reperiusion injury 
20 associated with ischemic stroke. 

In another embodiment, the hydrazino compounds ofFormula I or n are 
used to treat or prevent pulmonary inflammatory conditions and diseases. In 
particular, the compounds can be used to treat or prevent such conditions or 
diseases as asthma and adult respiratory distress syndrome. 
25 In another embodiment, the hydrazino compounds ofFormula I or II are 

used to treat or prevent chronic inflammatory skin conditions, especially such 
inflammatory skin conditions as psoriasis, allegic lesions, lichen planus, and 
pityriasis rosea. 

In yet another embodiment, the hydrazino compounds ofFormula I or II 
30 are used to treat or prevent diseases related to carbohydrate metabolism and 
complications thereof such as diabetes and complications from diabetes, 
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microvascular and macrovascular diseases such as atherosclerosis, vascular 
retinopathies, nephropathies and neuropathies such as polyneuropathy, 
mononeuropathies, and autonomic neuropathy. 

In still another embodiment, the hydrazino compounds of Formula I or II 
5 are used to treat or prevent diseases related to or caused by aberrations in 
adipocyte differentiation or function, such as atherosclerosis or obesity. 

In another embodiment, the hydrazino compounds ofFormulal or Hare 
used to treat or prevent diseases related to or caused by aberrations in smooth 
muscle cell function, such as atherosclerosis. 
10 Li another embodiment, the hydrazino compounds of Formula I or II are 

used to treat or prevent vascular diseases, such as atheromatous and 
nonatheromatous arteriosclerosis, ischemic heart disease, and Raynaud's Disease 
and Phenomenon. 

Preferred compounds are those of Formula I or H wherein n is 1. Also 
15 preferred are the compounds wherein R 1 is hydrogen, and/or R 2 is hydrogen, or 
CVC4 alkyi, or benzyl, any of which may be optionally substituted. Preferred 
substituents for the benzyl group of R 2 are lower alkyi, especially methyl, and 
nitro, lower alkoxy, especially methoxy and halogen, especially chlorine. 
Especially preferred embodiments of substituted benzyl groups are/>-toluyl,p- 
mtrobenryl^methoxybenzyl, and^-chlorobenzyl. Suitable values ofR 2 include 
hydrogen, methyl, ethyl, propyl, isopropyl, benzyl, /,-nitrobenzyl, 
i>-methoxybenzyl, andp-chlorobenzyl. According to an embodiment, alkyi can be 
substituted with cycloalkyl containing 3 to 9, preferably 3 to 6 carbon atoms. 

Preferred compounds of Formula I or H also include those compounds 
25 wherein R 3 , R*, R J and R«, which can be the same or different, are hydrogen, 
optionally substituted Q-C 4 alkyi, or optionally substituted phenyl, especially 
whennis 1. Preferred values for R 3 ,R 4 ,R 3 and R s are hydrogen and optionally 
substituted phenyl. Preferred substituted phenyl groups are those substituted with 
a lower alkyi, especially methyl, alkoxy, such as methoxy, or a halogen such as 
chlorine or fluorine. Especially preferred substituted phenyl groups include o-tolyl, 
w-tolyl, /»-to!yL /7-fluorophenyt and p-chlorophenyL 



20 



0 
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According to a preferred embodiment, one of R s and R 6 is hydrogen, and 
the other is optionally substituted phenyl, and n is preferably 1. 

Another group of preferred compounds of Formula I or H are those 
whereinnis 1 and R 1 and R 2 or R 2 and R 3 taken together to form an optionally 

5 substituted 5-12 membered heterocyclic ring, preferably a 5 to 7 membered 
single ring or such a ring to which further rings are condensed (£«., a ring 
system). Said 5 to 7 membered ring can be either spiro or fused. The ring can 
be saturated or comprise double bonds. The ring or ring system can be 
unsubstituted or substituted, wherein the substituent can be lower alkyl, 

10 especially methyl, and nitro, lower alkoxy, especially methoxy and halogen, 
especially chlorine. 

According to one embodiment, n is 1 and R 3 and R 5 together form a 
saturated carbocydic group, which can be substituted as defined for the 
heterocycles above. Suitable rings include cyclopentane, cyclohexane, 4-methyl- 

15 cyclohexane, cycloheptane or a ring included in the adamantane ring system. 

In the case where two of the substituents R\R 2 ,R 3 andR 5 form a ring, as 
described above, then it is preferred that the two remaining substituents are 
hydrogen. When n>l, R 2 and R 3 , or R 3 and R 5 , when forming a ring, are typically 
on neighbouring carbon atoms. Preferably, when ri>l, there is at most one group 

20 R 3 and/or R 4 in the molecule different from hydrogen, such group(s) being 
preferably adjacent the carbon carrying R 2 . 

R 1 and R 2 together are preferably saturated heterocycles, e.g. pyrazolidine 
, hexahydropyridazine and 1,2,3,4-tetrahydrophtalazine. 

According to another embodiment n is 1 and the heterocyclic ring formed 

25 by the substituents R 2 and R 3 is a 5 to 6 membered nitrogen containing saturated 
ring. Said ring can be unsubstituted or substituted. According to a preferred 
embodiment the substituent is alkyl or alkoxy. According to another embodiment, 
this 5 to 6 membered nitrogen containing ring can be condensed another ring to 
form a 1,2,3,4-tetrahydroquinoIine, 1,2,3 ,4-tetrahydroisoquinoline or 2,3- 

30 dihydroindole structure. As particularly preferred embodiments can be mentioned 
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piperidine, 1,2,3,4-tetrahydroisoquinoline and 6,7^imethoxy-l,2,3,4-tetrahydro- 
isoquinoline. 

In the case where R 2 and R 3 together form a heterocyclic ring, then it is 
preferred that R 4 is hydrogen. 
> A preferred subgenus of compounds has Formula la or Ha: 

R* NHRl rO!nHR^ Q 

n e w x e 

(R 3 -C~R4) n (rS.c-r^ 

as a racemate or an isomer, or a pharmaceutically acceptable solvate, hydrate, or 
salt thereof; wherein: 
n is 1, 

R l is hydrogen, 

R 2 is hydrogen, Ci-C 4 alkyl or phenyi(Ci-C 3 )atkyl; 
R 3 is hydrogen, Ci^C 4 alkyl or optionally substituted phenyl; or 
R 5 is hydrogen, C1-C4 alkyl or optionally substituted phenyl; or 
R 3 and R 5 are taken together with the carbon atoms to which they are 
attached to form a five to seven numbered cycloalkyl ring; 

R 4 and R 5 are independently hydrogen or C1-C4 alkyl; and 
R 7 is hydrogen 

R 8 is C1-C4 alkyl, and 

X is chloride, bromide, iodide. 

Examples of compounds of, and useful in, the present invention include: 
(li^2o>2^1-Methylhydi^o)-l-phettyl-l-propanolhydrogenmaleate 
(li?*2o , >2<l-Methy%dra2mo)-l-phenyl-l-propanol hydrochloride 
(12?*2S>H2-hydroxy-l-memyI-2^^ 
iodide 

(LR* ^-2^1-methylhydrazino)-l,2-diphenylethanol hydrogenmaleate 
2-(l-methyIhydrazino> 1-phenylethanol hydrogenmaleate 
2-(l-methylhydrazino)-2-phenylethanol hydrogenmaleate 
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1- [2-methoxy-2-(m-methoxyphenyl)ethyl]-l-me&^ 

2- Amino-6,7-dimethoxy-l,2,3,4-tetrahydro^ 
hydrochloride 

2-(l-methylhydrazino)-l-(p-methoxyphenyl)ethanol hydrogenfiimarate 
5 or a pharmaceutically acceptable salt thereof 

Ci*C4 alky I, as such or as a part of alkoxy or alkanoyl, is a straight or 
branched alkyl and thus can include methyl, ethyl, /f-propyl, isopropyl, w-butyl, 
.sec-butyl, ferf-butyl and isobutyl. 
10 The term "aralkyl" as employed herein should be interpreted as any aryl 

attached to the alkyl, which is a chain of 1 to 6 carbon atoms and which in turn 
can be straight or branched. Preferably, the chain contains 1 to 3 carbon atoms. 
Aryl can be an monocyclic or bicyclic aromatic group containing from 6 to 12 
carbons in the ring portion, preferably 6-10 carbons in the ring portion, such as 

15 phenyl, naphthyl or tetrahydronaphthyL A preferred aryl group is phenyl, which 
can be substituted or unsubstituted. Preferable substituents are lower alkyl (Le. 3 
C1-C4 alkyl), especially methyl, or a halogen or lower alkoxy, such as methoxy, or 
nitro. As particular preferred embodiments can be mentioned benzyl, p- 
methylbenzyl, />-chlorobenzyl, 2-phenylethyl and 3-phenylpropyL 

20 The term "(C 2 -C5)-alkanoyr as employed herein refers to a carbonyl 

moiety to which is attached an alkyl group, such as any of the above C1-C4 alkyl 
groups. For example, this term includes, but is not limited to, ethanoyl, 
propanoyl, butanoyl, 2-methyl propanoyl. 

The term "heterocyclic ring" as used herein represents a stable 5- to 7- 

25 membered mono- or bicyclic or stable 7- to 12-membered bicyclic heterocyclic 
ring system any ring of which may be saturated or unsaturated, and which consists 
of carbon atoms and from one to three heteroatoms selected from the group 
consisting of N, O and S, and wherein the nitrogen and sulfur heteroatoms may 
optionally be oxidized, and the nitrogen heteroatom may optionally be 

30 quaternized, and including any bicyclic group in which any of the above-defined 
heterocyclic rings is fused to a benzene ring. Especially useful are rings containing 
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one oxygen or sulfur, one to three nitrogen atoms, or one oxygen or sulfur 
combined with one or two nitrogen atoms. The heterocyclic ring may be attached 
at any heteroatom or carbon atom which results in the creation of a stable 
structure. Examples of such heterocyclic groups include piperidinyl, piperazinyl, 
5 N-benzylpiperidine, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2- 
oxoazepinyl, azepinyl, pyrrolyl, 4-piperidonyi, pyrrolidinyl, pyrazolyl, 
pyrazolidinyi, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, pyrazinyl, 
pyrimidinyl, pyridazinyl, oxazolyi, oxazolidinyl, isoxazolyi, isoxazolidinyl, 
morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, quinuclidinyl, isothiazolidinyl, 
10 indolyl, quinolinyl, isoquinolinyl, chromanyl, benzimidazolyl, thiadiazoyl, 
benzopyranyl, benzothiazolyl, benzo[b]thiophenyl, benzp[2,3-c]l,2,5-oxadiazolyl, 
benzoxazolyl, fiiryl, tetrahydrofuryl, tetrahydropyranyl, thienyl, benzothienyl, 
thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, and 
oxadiazolyl. Morpholino is the same as morpholinyl. 
15 A preferred heterocyclic ring is a saturated heterocyclic ring, for example 

pyrrolidine, piperidine, or 1,2,3,4-tetrahydroisoquinoline, 6,7-dimethoxy-l,2,3,4- 
tetrahydroisoquinoline, pyrazolidine, tetraltydropyridazine. 

The term "hete^oaIyi ,, as employed herein refers to groups having 5 to 14 
ring atoms; 6, 10 or 14 II electrons shared in a cyclic array; and containing carbon 
20 atoms and 1, 2 or 3 oxygen, nitrogen or sulfur heteroatoms (where examples of 
heteroaryl groups are: thienyl, benzo[b]thienyl, naphtho[2,3-b]thienyi, 
thianthrenyl, fiiryl, pyranyl, isobenzofuranyl, benzoxazolyl, chromenyl, xanthenyl, 
phenoxathiinyl, 2Zf-pyrroIyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, 
pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3J?-indolyl, indolyl, indazolyl, 
25 purinyl, 4iT-quinolizinyl, isoquinolyl, quinolyl, phthalazinyl, naphthyridinyi, 
quinazolinyl, cinnolinyl, pteridinyl, 4o/f-carbazolyl, carbazolyl, P-carbolinyl, 
phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, 
phenothiazinyl, isoxazolyi, furazanyl and phenoxazinyl groups). 

IUustrative groups include 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-fuiyl, 3-furyl, 
30 1-thienyl, 2-thienyL 
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The term "heteroaroyl" as emplyed herein refers to a carbonyl moiety 
attached to a heteroaryl group as defined above. 

The term "aroyl" as employed herein refers to a carbonyl moiety attached 

to an aryl group 

5 The term "halogen" or "halo" as employed herein by itself or as part of 

another group refers to chlorine, bromine, fluorine or iodine. 

The term "substituted", unless otherwise provided for herein, refers to one 
or more groups independently selected from the group consisting ofhalo, halo (d. 
tf )alkyl, ar(C M )alkyl, aryl, nitro, C« alkoxy, and C w alkyl as long as the resulting 

10 compound is stable. Preferred optional substituents include: halo, ar(C w )alkyl. 

aryl, and C M alkyl. 

The term "cycloalkyl" as employed herein by itself or as part of another 
group refers to cycloalkyl groups containing 3 to 9 carbon atoms. Typical 
examples are cyclopropyl, cyclobutyi, cyclopentyl, cyclohexyl, cycloheptyl, 

15 cyclooctyl and cyclononyl. 

The term "haloalkyl" as employed herein refers to any of the above alkyl 
groups substituted by one or more chlorine, bromine, fluorine or iodine with 
fluorine and chlorine being preferred, such as chloromethyl, iodomethyl, 
trifluoromethyl, 2,2,2-trifluoroethyl, and 2-chloroethyl. 

20 Some of the compounds disclosed herein may contain one or more 

asymmetric centers and may thus give rise to enantiomers, diastereomers, and 
other stereoisomer* forms. The present invention is also meant to encompass 
racemic mixtures, resolved forms and mixtures thereof as well as the individual 
enantiomers that may be separated according to methods that are well know to 

25 those of ordinary skill in the art. When the compounds described herein contain 
olefinic double bonds or other centers of geometric asymmetry, and unless 
specified otherwise, rt is intended to include both E and Z geometric isomers. 

, As used herein, the term "stereoisomers" is a general term for all isomers 
of individual molecules that differ only in the orientation of their atoms in space. 

30 It includes enantiomers and isomers of compounds with more than one chiral 
center that are not mirror images of one another (diastereomers). 



10 



15 



20 



25 



30 



WO 02/02090 

PCT/FI01/00638 

-15- 

The term "asymmetric center" or "chiral center" refers to a carbon atom to 
which four different groups are attached. 

The term "enantiomer" or "enantiomeric" refers to a molecule that is 
nonsuperimposeabie on its mirror image and hence optically active wherein the 
5 enantiomer rotates the plane of polarized light in one direction and its mirror 
image rotates the plane of polarized light in the opposite direction. 

The term "racemic" refers to a mixture of equal parts of enantiomers and 
which is optically inactive. 

The term "resolution" refers to the separation or concentration or 
depletion of one of the two enantiomeric forms of a molecule. The phrase 
"enantiomeric excess" refers to a mixture wherein one enantiomer is present is a 
greater concentration than its mirror image molecule. 

When any variable occurs more than one time in any constituent or in 
Formulal or n, its definition on each occurrence is independent of its definitional 
every other occurrence. Also, combinations of substituents and/or variables are 
permissible only if such combinations result in stable compounds. 

The compounds of the present invention can be prepared by one of the 
following routes. 

Compounds Iwere synthesized starting from amino alcohols m either via 
tf-nitroso derivatives IV or via oxadiazines V. Nitroso compounds IV were 
obtained from amino alcohols Hf in slightly acidic aqueous solution by using 
sodium nitrite (A. A. Potekhin, A O. Safronov, Zhur. Org. Khim., 1581, 17, 379. 
386; H. Tafcahashi, T. Senda, K Higashiyama, Chem. Pharm. Bull, 19!>i, 39, 
836-842; J-K. Shen, H. Katayama, N. Takatsu, L Shiro, J. Chem. Soc. Per/art 
Trans. 1, 1993, 2087-2097) or by using other well known methods of At 
nitrosation (M. A Zolfigol, At H Zebarjadian, G. Chehardoli, tt Keypour, S. 
Salehzadeh, M. Shamsipur, J. Org. Chem., 2000, 66, 3619-3620). Reductions of 
nitroso compounds IV were done either in tetrahydrofurane by using lithium 
aluminium hydride (H. Tafcahashi, T. Senda, K Higashiyama, Chem. Pharm. 
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Bull., 1991, 39, 836-842) or in aqueous acetic acid by using zinc dust (D. L. 
Trepanier, V. Sprancmanis, K. G. Wiggs, J. Org. Chem., 1964, 29, 668-672). 
Acidic hydrolysis of oxadiazines V (R 9 and R 10 are (Ci-Gt)alkyl groups or can 
together represent a 5-7-membered saturated carbocycle), obtained from amino 
5 alcohols HI and oxaziridines VI (E. Schmitz, S. Schramm, Cs. Szantay, Zs. 
Kardos, Liebigs Arm. Chem., 1983, 1043-1046), yielded hydrazino alcohols I 
Compounds II were obtained by quatemarization of hydrazino alcohols I in 
acetone or acetonitrile by using alkyl halogenides or sulfates. Compounds I (R 2 - 
H) were prepared by the hydrazinolysis of the corresponding oxirane derivatives 

10 VH. Regioisomers that formed in the oxirane ring-opening were separated by 
fractional crystallization, or by chromatography (M. Kim, J. D. White, /. Am. 
Chem. Soc, 1977, 99, 1172-1180; T. Okawara, S. Ehara, H. Kagotani, Y. 
Okamoto, M. Eto, K. Harano, T. Yamasaki, M. Furukawa, J. Org. Chem., 1996, 
61, 4125-4129; T. Taguchi, J. Ishibashi, T. Matsuo, M. Kojima, J. Org. Chem., 

15 1964, 29, 1097-1103). 

(R'-C-R 4 ),, (R'-C-R")„ (R 3 -C-R\, 

"'-fro* ^ R *~R> 

T II I" 



„ r » . ^"T r R » °. r' R 5 u 



IV 



o 

V VI vii 



In case of R 3 * R 4 and R 5 * R s , amino alcohols m were used as single 
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diastereomers. The synthesis of the enantiomers of compounds I and II started 
from enantiomerically pure amino alcohols HI or epoxides VII Transformations 
occurred without remarkable racemization. 

The compounds I of this invention are useful in the form of acid addition 
5 salts. The expression "pharmaceuticaUy acceptable acid addition salt" is intended 
to apply to any non-toxic organic and inorganic acid addition salts of the base 
compounds of Formula I and H. Illustrative inorganic acids, which form suitable 
salts include hydrochloric, hydrobromic, sulfuric and phosphoric acids. Illustrative 
organic acids, which form suitable salts include acetic, lactic, malonic, succinic, 
10 glutaric, fumaric, mafic, tartaric, citric, ascorbic,, maleic, benzoic, phenylacetic, 
cinnamic, methanesulfonic and salicylic acids. . 

7- 

The present invention provides a method of treating diseases in which 
VAP-1 has a role by selectively inhibiting VAP-1 SSAO activity, which method 
comprises aoministering to an animal in need thereof a therapeutically effective 
15 amount of a compound selected from the class of compounds depicted by Formula 
I or H, wherein one or more compounds of Formula I or II is adrninistered in 
association with one or more non-toxic, pharmaceuticaUy acceptable carriers 
and/or diluents and/or adjuvants and if desired other active ingredients. 

The compounds of the present invention can be used to treat inflammatory 
20 conditions and diseases including but not limited to connective tissue inflammatory 
conditions and diseases such as ankylosing spondylitis, Reiter's syndrome, 
psoriatic arthritis, osteoarthritis or degenerative joint disease, rheumatoid arthritis, 
Sjogren's syndrome, Behcet's syndrome, relapsing polychondritis, systemic lupus 
erythematosus, discoid lupus erythematosus, systemic sclerosis, eosinophilic 
25 fasciitis, polymyositis and dermatomyositis, polymyalgia rheumatica, vasculitis, 
temporal arteritis, polyarteritis nodosa, Wegener's granulomatosis, mixed 
connective tissue disease, and juvenile rheumatoid arthritis; gastrointestinal 
inflammatory conditions and diseases such as Crohn's disease, ulcerative colitis, 
irritable bowel syndrome (spastic colon), fibrotic conditions of the liver, 
\0 inflammation of the oral mucosa (stomatitis), and recurrent aphtous stomatitis; 
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central nervous system inflammatory conditions and diseases such as multiple 
sclerosis, Alzheimer's disease, and ischaemia-reperfusion injury associated with 
ischemic stroke; pulmonary inflammatory conditions and diseases such as asthma, 
chronic obstructive pulmonary disease, and adult respiratory distress syndrome; 
S and skin inflammatory conditions and diseases such as contact dermatitis, atopic 
dermatitis, psoriasis, pityriasis rosea, lichen planus, and pityriasis rubra pilaris. 

Moreover, the compounds of the invention can be used to treat diseases 
related to carbohydrate metabolism and complications thereof such as diabetes 
and complications of diabetes including, but not limited to microvascular and 

10 macrovascular disease such as atherosclerosis, vascular retinopathies, retinopathy, 
nephropathy and nephrotic syndrome, neuropathies such as polyneuropathy, 
mononeuropathies, and autonomic neuropathy, and foot ulcers and joint problems, . 
as well as increased risk of infection; diseases related to or caused by aberrations 
in adipocyte differentiation or function such as atherosclerosis and obesity; and 

IS vascular diseases such as atheromatous and nonatheromatous aterio sclerosis, 
ischemic heart disease including myocardial infarction, peripheral aterial occlusion, 
thromboangiitis obliterans (Buerger's disease), and Raynaud's disease and 
phenomenon. 

In particular, the present compounds can be used to treat atherosclerosis. 
20 It is known that VAP-1 is expressed on adipocytes, smooth muscle cells, 
endothelial cells and is related to inflammation. Atherosclerotic plaque consists of 
accumulated intracellular and extracellular lipids, smooth muscle cells, connective 
tissue, and giycosaminogtycans. The earliest detectable lesion of atherosclerosis is 
the fatty streak (consisting of lipid-laden foam cells, which are macrophages that 
have migrated as monocytes from the circulation into the subendothelial layer of 
the intima), which later evolves into the fibrous plaque (consisting of intimal 
smooth muscle cells surrounded by connective tissue and intracellular and 
extracellular lipids). 

The term "treat inflammation" is intended to include the administration of 
compounds of the present invention to a subject for purposes, which can include 
prophylaxis, amelioration, prevention or cure of an inflammatory condition or 
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disease. Such treatment need not necessarily completely ameliorate the 
inflammatory condition or disease. Further, such treatment can be used in 
conjunction with other traditional treatments for reducing the inflammatory 
condition known to those of skill in the art. 
5 The compounds of the present invention may be administered in an 

effective amount within the dosage range of about 0. 1 |ig/kg to about 300 mg/kg, 
preferably between 1.0 ug/kg to 10 mg/kg body weight Compounds of the 
present invention may be administered in a single daily dose, or the total daily 
dosage may be administered in divided doses of two, three or four times daily. 
10 The pharmaceutical compositions of the present invention can be 

administered to any animal that can experience the beneficial effects of the . 
compounds of the invention. Foremost among such animals are humans, although 
the invention is not intended to be so limited. 

The pharmaceutical compositions of the present invention can be 
15 administered by any means that achieve their intended purpose. For example, 
administration can be by parenteral, subcutaneous, intravenous, intraarticular, 
intrathecal, intramuscular, intraperitoneal, or intradermal injections, or by 
transdermal, buccal, oromucosal, ocular routes or via inhalatioa Alternatively, or 
concurrently, administration can be by the oral route. Particularly preferred is oral 
20 administration. The dosage administered will be dependent upon the age, health, 
and weight of the recipient, kind of concurrent treatment, if any, frequency of 
treatment, and the nature of the effect desired. 

In addition to the pharmacologically active compounds, the pharmaceutical 
preparations of the compounds can contain suitable pharmaceutical^ acceptable 
25 carriers comprising excipients and auxiliaries that fecilitate processing of the active 
compounds into preparations that can be used pharmaceutical!^ The 
pharmaceutical preparations of the present invention are manufactured in a manner 
that is, itself known, for example, by means of conventional mixing, granulating, 
dragee-making, dissolving, or Iyophilizing processes. Thus, pharmaceutical 
30 preparations for oral use can be obtained by combining the active compounds with 
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solid excipients, optionafly grinding the resulting mixture and processing the 
mixture of granules, after adding suitable auxiliaries, if desired or necessary, to 
obtain tablets or dragee cores. 

Suitable excipients are, in particular, fillers such as saccharides, for 
5 example, lactose or sucrose, mannitol or sorbitol, cellulose preparations and/or 
calcium phosphates, for example, tricalciura phosphate or calcium hydrogen 
phosphate, as well as binders, such as starch paste, using, for example, maize 
starch, wheat starch, rice starch, potato starch, gelatin, tragacanth, methyl 
cellulose, hydroxypropylmethylceUulose, sodium carboxymethylceUulose, and/or 
10 polyvinyl pyrrolidone. If desired, disintegrating, agents- can be added, such as the • 
above-mentioned starchesand also carboxymethyl-starch,.cross-linked polyvinyl , 
pyrrolidone, agar, or alginic acid or a salt thereof, such as sodium alginate.. 
Auxiliaries are, above all, flow-regulating agents and lubricants, for example silica, 
talc, stearic acid or salts thereof, such as magnesium stearate or calcium stearate, 
15 and/or polyethylene glycol. Dragee cores are provided with suitable coatings, 
that, if desired, are resistant to gastric juices. For this purpose, concentrated 
saccharide solutions can be used, which may optionally contain gum arable, talc, 
polyvinyl pyrrolidone, polyethylene glycol, and/or titanium dioxide, lacquer 
solutions and suitable organic solvents or solvent mixtures. In order to produce 
20 coatings resistant to gastric juices, solutions of suitable cellulose preparations, 
such as acetylceUulose phthalate or hydroxypropylmethylceUulose phthalate, are 
used. Slow-release and prolonged-release formulations may be used with 
particular excipients such as methacrylic acid - ethylacrylate copolymers, 
methacrylic acid - ethyl acryiate copolymers, methacrylic acid - methyl 
25 raethacrylate copolymers and methacrylic acid - methyl methylacrylate 
copolymers. Dye stufis or pigments can be added to the tablets or dragee coatings, 
for example, for identification or in order to characterize, combinations of active 
compound doses. 

Other pharmaceutical preparations that can be used orally include push-fit 
30 capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a 
plasticizer such as glycerol or sorbitol. The push-fit capsules can contain the 
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acUve compounds in the form of granules that may be mixed with fillers such as 
lactose, binders such as starches, and/or lubricants such as talc or magnesium 
stearate and, optionally, stabilizers. In soft capsules, the active compounds are 
preferably dissolved or suspended in suitable liquids such as fatty oils or liquid 
5 paraffin. In addition, stabilizers may be added. 

Suitable formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form, for example water 
soluble salts and alkaline solutions. Especially preferred salts are maleate 
fumarate, succinate, S,S tartrate, orR* tartrate. Inaddition, suspensions of the' 
10 active compounds as appropriate ouy injection suspensions can be administered 
Stutable lipophilic solvents or vehicles include fatty oils, for example, sesame oil, 
or synthetic fatty acid esters, for example, ethyl oleate or triglycerides or 
polyethylene glycol-400 (the compounds are soluble in PEG-400). Aqueous 
injection suspensions can contain substances that increase the viscosity of the 
15 suspension, for example sodium carboxymethyl cellulose, sorbitol, and/or dextran 
Optionally, the suspension may also contain stabilizers. 

Thefollowing examples are illustrative, but not limiting, of the method and 
compositions of the present invention. Other suitable modifications and 
20 adaptations of the variety of conditions and parameters normally encountered and 
obvious to those skilled in the art are within the spirit and scope of the invention 
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Example 1 

(l/2,2o>2-(l-Memymydra 2 ino)-l-phenyl-l- P ropanoI hydrogenmaleate (1) 

A solution ofNaNO, (1.38 g, 20 mmol) inlfcO (10 ml) was added dropwise to a 
suspenrion of (l/U6>2-meth^^ 

10 mmol) in H.O (50 ml) with vigorous stirring on an ice-cold bath, and then 
AcOH (0.30 g, 5 mmol) was added dropwise. The mixture was stirred at room 
temperature for 8 h, then was extracted with EtOAc (4 x 50 ml). The combined 



WO 02/02090 



PCT/FI0 1/00638 



.22 



organic phases were dried (Na 2 SC- 4 ) and evaporated under reduced pressure to 
give 1.86 g JV-nitroso derivative as oily product which was used in the next step 
without further purification. 
A solution of (lil,2^2-methylainino^ 

5 mmol) in THF (20 ml) was added dropwise to a strirred suspension of LiAlH* 
(0.73 g, 19.2 mmol) in THF (50 ml), and the mixture was stirred and refluxed for 
3 h. The excess ofLiAlH* was decomposed with a mixture of H 2 0 (1.5 ml) and 
THF (20 ml), the resulting precipitate was filtered off and washed withEtOAc (2 
x 75 ml). The combined filtrates were dried (sice. Na 2 S0 4 ) and evaporated under 

10 reduced pressure. The semisolid residue was treated with an equivalent amount of 
maleic acid in a mixture of EtOH and Et 2 0 to give crystalline hydrogenmaleate 
salt which was filtered off and recrystallized. 

•H-NMR (400 MHz, DjO) 5 (ppm): 1.19 (3H, <U= 6.8Hz, CHCHa), 3.09 (3H, 
s, NCft), 3.66 (1H m, NCfl), 5.40 (1H, m, OCfl), 6.30 (2H s, CffCOOH) 7.45 
15 (5H, m, CeHs). 

Example 2 

(1/?* 25*)-2Kl-Memylhydrazino)-l-phenyl-l-propanol hydrochloride ( 2) 

Toasoluuonofl^xa-2-azaspiro[2.5]c^^ 
20 solutionof(12?*, 25*)-2-meAylainmo-l-phenyl-l-propanol (0.86 g, 5.3 mmol) m 
ether (5 ml) was added. The reaction mixture was stirred at room temperature for 
30 minutes then evaporated to dryness. 5% Hydrochloric acid (30 ml) was added 
to the residue and the mixture was stirred at ambient temperature for 1 h. The 
mixture was washed withEt 2 0 (2 x 30 ml), made alkaline with Na 2 C0 3 under ice- 

25 cooling and extracted with EtOAc (3 x 50 ml). The combined EtOAc extracts 
were dried and evaporated to give a solide residue which was dissolved in 
methanol (5 ml) and converted to the crystalline hydrochloride salt by using 22% 
ethanolic hydrogen chloride (2 ml) and diethyl ether. Crystals were filtered off and 
recrystallized from methanol/diethyl ether. 

30 l H-NMR (400 MHz, D 2 0) 8 (ppm): 1.20 (3H d, J- 6.8 Hz, CHCft), 3 .09 (3H 
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s, NC/fc), 3.67 (1H, m, NCfl), 5.41 (1H, br s, OCff), 7.47 (5H, m, Off,). 
Example 3 

OR* 2^*)-2-(l-Methylhydr a 2mo)-l.phenyt-l.propanol hydrochloride (2) 

To an ice-cooled and stirred suspension of zinc dust (2.62 g, 40 mmol) inHzO (10 
ml) a solution of (l**2**>2<l.methvlhy^ 

(1.94 g, 10 mmol, prepared according to Example 1 starting from (LR* 2S*}-2- 
methylamino-l-phenyl-l-propanol hydrocWoride) in AcOH (18 ml) was added 
dropwise over a period of 45 min. During the addition, the temperature of the 
reaction mixture was maintained at 20-25 «C by external cooling. After the 
addition was completed, the mixture was stirred at 50 "Cfor 1 h, then filtered by 
suction, and the zinc residue was washed with a mixture of H 2 0 (15 ml) and 
AcOH (5 ml). The combined filtrate and washings were concentrated to ca. 10ml 
in vacuo. The iced-cooled solution was made basic with NaOH-solution and 
extracted with Et 2 0 (4 x 50 ml). The combined ethereal extracts were dried and 
evaporated to give a yellow oil which was dissolved in methanol (5 ml) and 
converted to the crystalline hydrochloride salt by using 22% ethanolic hydrogen 
chloride (2 ml) and diethyl ether. Crystals were filtered off and recrystallized from 
methanol/diethyl ether. 
20 'H-NMR (400 MHz, DjO): see Example 2 



Example 4 

(l**2^1-(2-hydroxy-l-mem^ 
25 iodide (4) 

To a solution of (LR* ^^-(l-methylhydmzinoj-l-phenyl-l.propanol (1.05 g, 
5.8 mmol, prepared according to Example 1 starting from (LR*,Z5*>2- 
methylamino-l-phenyl-l-propanol hydrochloride) in CH3CN (15 ml) Mel (1 ml 
16 mmol) was added. The mixture was left to stand in a closed flask at room 
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temperature for 24 h. The separated crystals were filtered off, washed with 
CH 3 CN and recrystallized. 

J H-NMR (400 MHz, DMSO-ds) 5 (ppm): 1. 16 (3H, d, 6.8 Hz, CHCffj), 3.3 1 
(3H, s, NCfla), 3.32 (3H, s, NCft), 3.69 (1H, m, NCfl), 5.61 (1H, m, OCH), 
7.30 (IH, m, CcHs) 7.41 (4H, m, C^s). 



Example 5 

(li?*,2y*>2-(l-methylhydrazino)-l,2-diphenylethanol hydrogenmaleate ( 5) 

10 A solution of NaNOj (1.38 g, 20 mmol) in H 2 0 (10 ml) was added dropwise to a 
suspension of (li^^25*>2-(l-memylamino)-l,2-diphenylethanoi (2.27 g, 10 
mmol) in H 2 0 (30 ml) with vigorous stirring on an ice-cold bath, and then AcOH 
(0.90 g, 15 mmol) was added dropwise. The mixture was stirred at room 
temperature for 8 h, then was extracted with EtOAc (4 x 50 ml). The combined 

15 organic phases were dried (Na 2 S0 4 ) and evaporated under reduced pressure to 
give 2.04 g crystalline W-nitroso derivative which was used in the next step 
without further purification. 

(IR*, 25^2-(l-memylamino)-^-nitroso-l,2-diphenylethanol (2.04 g, 8.0 mmol) 
was added in small portions to a starred and ice-cooled suspension of LiAlH, 

20 (0.61 g, 16.1 mmol) in THF (80 ml), and the mixture was stirred at ambient 
temperature for 3 h. The excess ofLiAlH* was decomposed with a mixture of 
H 2 0 (1.2 ml) and THF (20 ml), the resulting precipitate was filtered off and 
washed withEtOAc (2 x 75 ml). The combined filtrates were dried (sicc.Na 2 S0 4 ) 
and evaporated under reduced pressure. The oily product was treated with an 

25 equivalent amount of maleic acid in a mixture of EtOH and Et 2 0 to give 
crystalline hydrogenmaleate salt which was filtered off and recrystallized. 
l H-NMR (400 MHz, D^O) 6 (ppm): 2.95 (3H, s, NC£f 3 ), 4.45 (1H, d, J= 5.2 Hz, 
NCflj), 5.66 (1H, d,/=5.2Hz,NCfl 3 ), 6.30(2H, s,CffCOOH) 7. 15-7.45 (10H, 
ora, 2 x C«ffj). 
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Example 6 

2-(l-methylhydrazino)-l-phenylethanol hydrogenmaleate (6) and 
2-(l-methylhydrazino)-2-phenylethanol hydrogenmaleate ( 6a) 
To a stirred solution of hydrazine hydrate (12.5 g, 0.25 mot) in EtOH (10 ml) 
styrene oxide (3.00 g, 25 mmol) was added dropwise. The exothermic reaction 
brought the mixture to reflux. After addition was complete, the mixture wa^ kept 
at 60 °C for 10 min. The solvent was evaporated off and the oily residue was 
dissolved in EtOH and treated with an equivalent amount of maleic acid. The 
separated crystals of 2-(l-methylhydrazino>l-phenylethanol hydrogenmaleate 
were filtered off" and reaystallized from EtOH. 

'H-NMR (400 MHz, D 2 0) 5 (ppm): 3.38 (2H, m, NCfli), 5.07 (1H, m, OCH), 

6.29 (2H, s, CJ?COOH), 7.45 (5H m, Csff,). 

The filtrate was treated with Et 2 0 to give crystalline 2-(l-methylhydrazino)-2- 
phenylethanol hydrogenmaleate which was filtered off and recrystallized twice 
from a mixture of EtOH and Et 2 0. 

'H-NMR (400 MHz, D 2 0) 6 (ppm): 3.91 (2H, m, OCH 2 ), 4.32 (1H m, NCff), 

6.30 (2H s, C#COOH), 7.47 (5H m, Csff,). 

20 Example 7 

l-[2-memoxy-2^i«-memoxyphenyl)em^l.me%mydrazmehyd ro ^^ 
(7) 

A solution of NaNO, (2.81 g, 40.7 mmol) inH 2 0 (10 ml) was added dropwise to 
a solution of 2-me%Iairuno-Hw-metoxyphenyl).l^thanolhyd^ ( 4 .39g, 
25 20.2 mmol) mH 2 0 (20 ml) with vigorous stirring on an ice-cold bath, and then 
AcOH (2. 10 g, 35.0 mmol) was added dropwise. The mixture was stirred at 0 °C 
for 3 h, kept in refrigerator for 12 h, then diluted with an equal volume of IfcO, 
made alkaline with solid Na 2 COj and extracted with Et 2 0 (3 x 50 ml). The 
combined ethereal extracts were dried (N a2 S0 4 ) and evaporated under reduced 
pressure to give 3 . 53 g yellow viscous oil which was used in the next step without 
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further purification. 

55% Sodium hydride suspension (2.00 g, 45.9 mmol) was washed withn-hexane 
and suspended in THF (50 ml). A solution of 2-methylamino-JV-nitroso-l-(m- 
methoxyphenyl)-l-ethanol (3.00 g, 14.3 mmol) in THF (90 ml) was degassed 
5 with N 2 flushing and added dropwise to the NaH suspension with stirring and 
continuous N 2 flushing at 0°C over a period of 1 h. Stirring was continued at 0 °C 
for 2 h, then a solution of Mel (3.40 g, 24.0 mmol) in THF (30 ml) was added 
dropwise to the stirred suspension at 0 °C. The mixture was allowed to warm to 
room temperature and the excess ofNaH decomposed by addition of MeOH. The 
10 solution evaporated to dryness, the residue was. dissolved in H 2 0 (50 ml) and 
extracted with Et 2 0 (3 x 50 ml). The combined ethereal extracts were washed 
with H 2 0 (50 ml) then dried (Na 2 S0 4 ) and evaporated under reduced pressure to 
give 2.70 g thick yellow oil which was used in the next step without further 
purification. 

15 A solution of iV-methyl-2-me&oxy-2<m-me 

(2.70 g, 12.0 mmol) in THF (30 ml) was added dropwise to a strirred and ice- 
cooled suspension of LiAlH* (1.80 g, 47.4 mmol) in THF (90 ml). The mixture 
was stirred at 0 °C for 3 h, then allowed to warm to room temperature. The 
excess of LiAlH* was decomposed with a mixture of H 2 0 (3.6 ml) and THF (25 

20 ml), the resulting precipitate was filtered off and washed with EtO Ac (2 x 75 ml). 
The combined filtratee were dried (sice. Na 2 S0 4 ) and evaporated under reduced 
pressure. The oily residue was dissolved in EtOH (20 ml) and mixed with an 
equivalent amount of fumaric acid dissolved in warm EtOH (25 ml). After cooling 
the salt separated, filtered off and washed with EtOH. 

25 'H-NMR (400 MHz, DMSO-d«) 5 (ppm): 2.44 (3H, s, NC£T 3 ), 2.60 (1H, m, 
NCff 2 ), 2.81 (1H, m, NC£T 2 ), 3.14 (3H, s, CHOCft), 3.75 (3H, s, CAOCffa), 
4.45 (1H, m OCfl), 6.57 (2H, s, CffCOOH), 6.86 (3H, m, QHi), 7.27 (1H, m, 
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Example 8 

2-Airuno-6,7-dimetho^ 
hydrochloride (8) 

A solution of NaNCb (1.38 g, 20 mmol) inKfeO (10 ml) was added dropwise to a 
5 suspension of 6,7-dimethoxy-l,2,3,4-teti^ydro^^^ (2.23 g, 

10 mmol) in H 2 0 (50 ml) with vigorous stirring on an ice-cold bath, and then 
AcOH (0.90 g, 15 mmol) was added dropwise. The mixture was stirred at room 
temperature for 8 h, then was extracted with EtOAc (4 x 50 ml). The combined 
organic phases were dried (Na 2 S0 4 ) and evaporated under reduced pressure to 
10 give 2.37 g crystalline JVT-nitroso derivative which was used in the next step 
without further purification. 

To a stirred suspension of 6,7-dimethoxy-2-nitroso-l,2,3,4- 
tetrahydroisoquinoiine-l-methanol (2.37 g, 9.4 mmol), zinc dust (2.46 g, 37.6 
mmol) andEfeO (15 ml) glacial acetic acid (3.00 g, 50 mmol) was added dropwise 

i 5 over a period of 1 h. During the addition, the temperature of the reaction mixture 
was maintained at 25-30 °C by external cooling. Subsequently the reaction 
mixture was stirred at 60 °C for 1 h, allowed to cool, and the excess zinc dust 
filtered by suction and washed with H 2 0 (15 ml). The combined filtrate and 
washings were made basic with aqueous NaOH-solution and extracted with CHCfe 

tO (4 x 50 ml). The combined organic phases were dried (sice. Na 2 S0 4 ) and 
evaporated under reduced pressure. The solid residue was dissolved in methanol 
(5 mi) and converted to the crystalline hydrochloride salt by using 22% ethanolic 
hydrogen chloride (2 ml) and diethyl ether. Crystals were filtered off and 
recrystallized from methanol/diethyl ether. 
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^-NMR (D 2 0) 8 (ppm): 3.08 (2H, m, CftCH 2 N), 3.49 (1H, m, Ctf 2 N), 3.76 
(1H, m, CffzN). 3.85 (3H, s, OCft), 3.86 (3H, s, OC£T 3 ), 3.94 (1H, m, C£T 2 0), 
4.19 (1H, dd, J= 12.8, 4.0 Hz, CH 2 0), 4.47 (1H, m, CflN), 6.93 (1H, s, 
CeHd, 6.93 (1H, s, C^Si). 

5 

Example 9 

2^1-methylhydra^o)-l-(p-methoxyphenyl)ethanol hydrogenfiimarate ( 9) 

10 

2-methylaminorM-rutroso-l-(p-methoxyphenyl)eA (1.15 g, 5.5 mmol, 
prepared from 2-methylamirio- l-(p-methoxyphenyl)ethanol according to Example 
1) was added in small portions to a strirred and ice-cooled suspension of LiAfflU 
(0.42 g, 11 mmol) in THF (40 ml), and the mixture was stirred at ambient 

15 temperature for 2 h. The excess of LiAHj was decomposed with a mixture of 
H 2 0 (0.8 ml) and THF (10 ml), the resulting precipitate was filtered off and 
washed with EtOAc (3 x 50 ml). The combined filtrate and washings were dried 
(sice. Na 2 S0 4 ) and evaporated under reduced pressure. The oily product was 
treated with an equivalent amount of fumaric acid in a mixture ofEtOH and Et 2 0 

20 to give crystalline fumarate salt which was filtered off and recrystallized. 

l H-NMR (400 MHz, DMSO-d*) 5 (ppm): 2.57 (3H, s, NCH3), 2.74 (2H, m, 
NCft), 3.73 (3H, s, OCfli), 4.83 (1H, m, OCfl), 6.57 (2H, s, CflCOOH), 
6.89 (2H, d, J = 8.8 Hz, CA), 7.26 (2H, d, J - 8.4 Hz, C^). 
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Example 10 
In Vitro Inhibition of VAP-1 SSAO Activity 

5 VAP-1 SSAO activity was measured using the coupled colourimetric method 
essentially as described for monoamine oxidase and related enzymes (Holt, A., et 
aL, Anal. Biochem. 24*384-392 (1997)). Recombinant human VAP-1 SSAO 
expressed in Chinese Hamster Ovary (CHO) cells was used as a source of VAP-1 
SSAO for activity measurements. Native CHO cells have negligible SSAO 

0 activity. These cells and their culture have previously been described (Smith, D.X, 
etal y J.Exp.Med 75*17-27(1998)). A cell lysate was prepared by suspending 
approximately 3 .6 x 10 8 cells in 25ml lysis buffer (150mMNaO, 10 mMTris-Base 
pH 7.2, 1.5 mMMgCl 2 , 1%NP40) and incubating at 4°C overnight onarotating 
table. The lysate was clarified by centrifugation at 18000g for 5 min at room 

5 temperature and the supernatant used directly in the assay. The VAP-1 SSAO 
assay was performed in 96 well microtitre plates as follows. To each well was 
added a predetermined amount of inhibitor if required. The amount of inhibitor 
varied in each assay but was generally at a final concentration of between 1 nM 
and 50pM. Controls lacked inhibitor. The inhibitor was in a total volume of 20:1 in 

0 water. The following reagents were then added. 0.2M potassium phosphate buffer 
pH 7.6 to a total reaction volume of 200*0, 45 |xl of freshly made chromogenic 
solution containing ImM 2,4-dichlorophenol, 500 jiM 4-aminoantipyrine and 4 
U/ml horseradish peroxidase and an amount of CHO cell lysate containing VAP-1 
SSAO that caused a change of 0.6 A490 per h. This was within the linear response 

5 range of the assay. The plates were incubated for 30 min at 37°C and the 
background absorbance measured at 490 nm using a Wallac Victor II multilabel 
counter. To initiate the enzyme reaction 20 |xl lOmM benzylamine (final 
concentration =* ImM) was added and the plate incubated for 1 h at 37°C. The 
increase in absorbance, reflecting VAP-1 SSAO activity, was measured at 490nnx 

0 Inhibition was presented as percent inhibition compared to control after correcting 
for background absorbance and IC50 values calculated using GraphPad Prism. 
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Example 11 

Comparison ofVAP-1 SSAO activity versus total rat MAO activity 

5 Rat MAO was prepared from rat liver by rinsing the 1 g liver sample 

several times in 14 ml KCl-EDTA-solution to remove all blood. Then 1 g liver 
sample was homogenised in 4 ml ice-cold potassium phosphate buffer (0. 1 M, pH 
7.4) with an Ultra-Turrax homogeniser (setting 11 000 rpm, 4 x 10s). After 
centrifugation at 500 g for 10 min at 4°C the supernatant was carefully withdrawn 
and was centrifuged at 12 300 g for 15 min at 4°C. The supernatant was 
discharged and sedimented mitochondria were resuspended in 4 ml fresh 
phosphate buffer and centrifuged as previously. The mitochondria were suspended 
in 4 ml phosphate buffer and homogenized with an Ultra-Turrax homogeniser 
(setting 1 1 000 rpm, 2 x 10s). Mitochondrial preparate was aliquoted and stored 
15 at -70°C. Total MAO activity was measured in a similar way as for VAP-1 SSAO 
except that 2,4-dichlorophenol was replaced by ImM vanillic acid. To each well 
was added a predetennined amount of inhibitor if required. The amount of 
inhibitor varied in each assay but was generally at a final concentration ofbetween 
10 nM and 800 uM Controls lacked inhibitor. The inhibitor was in a total volume 
of 20:1 in water. The following reagents were then added. 0.2 M potassium 
phosphate buffer pH 7.6 for a total reaction volume of 300 ul, 50 ul of freshly 
made chromogenic solution (as above) and 50 ul ofMAO preparation. The plates 
were incubated for 30 min at 37°C and the background absorbance measured at 
490 mil using a Wallac Victor H multflabel counter. To initiate the enzyme 
25 reaction 20 ul of 5 mM tyramine (final concentration 0.5 mM) was added and the 
plate incubated for 1 h at 37°C. The increase in absorbance, reflecting MAO 
activity, was measured at 490nm. Inhibition was presented as percent inhibition 
compared to control after correcting for background absorbance and IC 50 values 
calculated using GraphPad Prism Clorgyline and pargyline 0nhibitors ofMAO-A 
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and -B respectively) at 0.5 were added to some wells as positive controls for 
MAO inhibition. 

The ability of compounds of Examples 1 to 9 to inhibit VAP-1 SSAO 
activity with specificity for VAP- 1 SSAO over rat MAO is shown in Table 3 . The 
5 results indicate that the compounds of the invention are specific inhibitors of 
human VAP-1 SSAO activity. The compounds of the present invention are 
therefore expected to have therapeutic utility in the treatment of diseases and 
conditions in which the SSAO activity of the human adhesion molecule VAP-1 
plays a role. 

10 Table 3 

Potency and specificity of Examples J to 9 
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Example 12 

Inhibition of collagen-induced arthritis in mouse 
The model in the literature: 

5 Mouse collagen-induced arthritis (CIA) is a frequently used model both for 
studying the basic mechanisms of autoimmune arthritis and in assessing the 
efficacy of potential antiarthritic agents (van den Berg and Joosten, 1999 in In 
Vivo Models of Inflammation (Morgan DW and Marshall LA eds) pp 51-75, 
Birkhauser Verlag, Basel). Compounds acting through various mechanisms have 
10 been demonstratd to be effective in the model and they include cyclooxygenase 
inhibitors, interleukins A and 10, leukotriene> synthesis inbitors and anti-TNF 
antibodies (Joosten etaL, J. Immunol iJP:4094-4102. 1997; van den Berg and 
Joosten, 1999 in In Vivo Models of Inflammation (Morgan DW and Marshall LA 
eds) pp 51-75, Birkhauser Verlag, Basel)). 

15 

Description of the model used: 

The study was conducted with groups of 14 mice to obtain statistically valid 
results. For arthritis induction DBA/1 mice (male, aged 10-12 weeks, approximate 
weight 25 g) were immunized with bovine type II collagen (100 pig) emulsified in 

20 Freund's complete adjuvant by four subcutaneous injections in the back. At day 
21, animals were boosted with an i.p. injection of 100 *ig collagen type II diluted 
in PBS. This strain is highly susceptible to CIA induced with bovine type II 
collagen. After the second immunization, polyarthritis starts to develop in 1 to 2 
weeks, with a disease incidence of approx. 80% at day 38 (Joosten et al, J. 

25 Immunol 759:4094-4102. 1997). Arthritis development was scored from day 21 
onwards. Animals were treated for 2.5 weeks starting after the second booster but 
before the arthritis onset (day 23). Intraperitoneal medication with example 
compound 9 (10 mg kg" 1 twice daily) was initiated at day 23 and continued until 
day 37. 



WO 02/02090 



PCT/FI01/00638 



49 

Outcome: 

A reduction in the cumulative score (p<0.05 by Dunn's test following Kniskal- 
Wallis test) was detected. 
The results are shown in Fig. 1 

5 

Having now fully described this invention, it will be understood to those of 
ordinary skill in the art that the same can be performed within a wide and 
equivalent range of conditions, formulations, and other parameters without 
affecting the scope of the invention or any embodiment thereof All patents 
10 and publications cited herein are folly incorporated by reference herein in their 
entirety. 
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Wliatls Claimed Is: 



1 . Use of a hydrazine compound of Formula I or Formula H: 



R V NHR1 R ^T' MHRl 

(R z -C-R\ (R?-C-R% 

5 / n 

as a racemate or an isomer, or of a pharmaceutical^ acceptable solvate,.hydrate, 
or salt thereof, wherein: 

R 1 is hydrogen, or (Ci-C 4 )alkyl, aralkyl , (C 2 -C 5 )alkanoyl, aroyl or heteroaroyl 

R 2 is hydrogen, or optionally substituted (d-C^alkyl, optionally substituted 
1 0 cycloalkyl or optionally substituted aralkyl; 

R 3 - R 6 , which can be the same or different, are hydrogen, optionally 

substituted (d-C^alkyl, optionally substituted aralkyl, optionally substituted 

phenyl or optionally substituted heteroaryl; 

R 1 and R 2 can represent an optionally substituted heterocycle, 
15 R 2 and R 3 can represent an optionally substituted heterocycle, 

R 3 and R 5 can represent a saturated, optionally substituted carbocycle; 

R 7 is hydrogen, (Ci-COalkyl,, (C^alkanoyi or aralkyl; 

R 8 is (Ci-C 4 )alkyl or aralkyl; 

n is 1, 2 or 3; 

20 X is chloride, bromide, iodide or R 2 -sulfete, wherein R 2 has the meaning 
defined herein, 

for the manufacture of a pharmaceutical preparation for inhibiting copper- 
containing amine oxidase. 
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2. The use of a compound as defined in claim 1 for the manufacture 
of a pharmaceutical preparation for the treatment of an inflammatory disease or 
condition, a disease related to carbohydrate metabolism, a disease related to 
aberrations in adipocyte differentiation or function or smooth muscle cefl function, 

5 or a vascular disease. 

3. The use according to claim 1 or 2, wherein n is 1. 

4. The use according to any one of claims 1 to 3, wherein R 1 is 
10 hydrogen. 

5. The use of claim 1 or 2, wherein R 2 is benzyl optionally substituted 
with alkyi, nitro, methoxy, or halogen. 

15 6 - The «"e of claim 5, wherein R 2 is benzyl substituted at the para 

position with methyl, nitro, methoxy, or chlorine. 

7. The use according to claim 1 or 2, whereinR 5 is phenyl optionally 
substituted with alkyi, nitro, methoxy, or halogen, and R 5 is hydrogen. 

20 

8. The use according to claim 7, wherein the phenyl is substituted at 
the para position with methyl, nitro, methoxy, or chlorine. 

9. Theuse of claim 1 or2, wherein n is 1 andR 3 andR 5 together form 
25 acyclohexane ring 

10. The use of claim 1 or 2, wherein n is 1 and R 2 and R 3 are taken 
together with the atoms to which they are attached to form a pyrroUdine, 
piperidine, tetrahydroisoqumoline, or pyrazolidine group which is optionally 

30 substituted with alkyi, nitro, methoxy, or halogen, and R* is hydrogen. 
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1 1. The use of claim 10, wherein R 2 and R 3 are taken together to form 
an optionally substituted heterocyclic ring selected from the group consisting of 
1,2,3,4 -tetrahydroisoquinoline, piperidine, and 6,7-dimethoxy-l ,2,3,4-tetrahydro- 

5 isoquinoline. 

12. The use of claim 1 or 2, wherein n is 1 andR 3 and/or R 4 is a (Ci- 
C 4 )alkyl group, preferably a methyl group. 

10 13 . The use of claim 2, wherein said inflammatory disease or condition 

is a connective tissue inflammatory disease or condition. 

14. The use of claim 13, wherein said connective tissue inflammatory 
disease or condition is selected from the group consisting of ankylosing 

15 spondylitis, Reiter's syndrome, psoriatic arthritis, osteoarthritis or degenerative 
joint disease, rheumatoid arthritis, Sjdgren's syndrome, Bel^et's syndrome, 
relapsing polychondritis, systemic lupus erythematosus, discoid lupus 
erythematosus, systemic sclerosis, eosinophilic fasciitis, polymyositis and 
dermatomyositis, polymyalgia rheumatica, vasculitis, temporal arteritis, 

20 polyarteritis nodosa, Wegener's granulomatosis, mixed connective tissue disease, 
and juvenile rheumatoid arthritis. 

1 5. The use of claim 2, wherein said inflammatory disease or condition 
is a gastrointestinal inflammatory disease or condition. 

25 

16. The use of claim 15, wherein said gastrointestinal inflammatory 
disease or condition is selected from the group consisting of Crohn's disease, 
ulcerative colitis, irritable bowel syndrome (spastic colon), fibrotic conditions of 
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the liver, inflammation of the oral mucosa (stomatitis), and recurrent aphtous 
stomatitis. 



17. The use of claim 2, wherein said inflammatory disease or condition 
5 is a central nervous system inflammatory disease or condition. 

18. The use of claim 17, wherein said central nervous system 
inflammatory disease or condition is selected from the group consisting of multiple 
sclerosis, Alzheimer's disease, and ischaemia-reperfusion injury associated with 

10 ischemic stroke. 

19. The use of claim 2, wherein said inflammatory disease or condition 
is a pulmonary inflammatory disease or condition. 

15 20 - The use of claim 19, wherein said pulmonary inflammatory disease 

or condition is selected from the group consisting of asthma, chronic obstructive 
pulmonary disease, and adult respiratory distress syndrome. 

2 1 . The use of claim 2, wherein said inflammatory disease or condition 
20 is a skin inflammatory disease or condition. 

22. The use of claim 21, wherein, said skin inflammatory disease or 
condition is selected from the group consisting of contact dermatitis, atopic 
dermatitis, psoriasis, pityriasis rosea, lichen planus, and pityriasis rubra pilaris. 

25 

23. The use of claim 2, wherein said disease related to carbohydrate 
metabolism is selected from the group consisting of diabetes, atherosclerosis, 
vascular retinopathies, retinopathy, nephropathy, nephrotic syndrome, 
polyneuropathy, mononeuropathies, autonomic neuropathy, foot ulcers, joint 

30 problems, and increased risk of infection. 
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24. The use of claim 2, wherein said disease related to aberrations in 
adipocyte differentiation or function or smooth muscle cell function is selected 
from the group consisting of atherosclerosis and obesity. 

5 

25. The use of claim 2, wherein said vascular disease is selected from 
the group consisting of atheromatous ateriosclerosis, nonatheromatous 
ateriosclerosis, ischemic heart disease, peripheral aterial occlusion, thromboangiitis 
obliterans (Buerger's disease), and Raynaud's disease and phenomenon. 

10 

26. The use of claim 1 or 2, wherein said compound of Formula I is 
selected from the group consisting of: 

(li?,2^-2<l-Methylhydra2dno)-l-phen>d-l-propanol hydrogenmaleate 
(l/?*2^*)-2-(l-Meth>dhydrazino)-l-phenyl-l-propanol hydrochloride 

15 (li?*,2J*H-(2-hydroxy-l-me^ 
iodide 

(12l*2iS*)-2-(l-meftylhydraM^ 
2-(l-methylhydrazino)-l-phenylethanol hydrogenmaleate 
2-(l-methylhydrazino)-2-phenylethanoi hydrogenmaleate 
20 l-[2-methoxy-2-(»i-methoxyphenyl)ethyl3-l-methylhydra2dne hydrogenfumarate 
2-Amino-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline-l-methanol 
hydrochloride 

2-(l-methylhydrazino)-l^methoxyphenyl)ethanolhydrogenfimaan^e 



25 



or a pharmaceutical^ acceptable salt thereof 
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27. A method of inhibiting a copper-containing amine oxidase, 
comprising contacting said amine oxidase with an inhibitory effective amount of a 
hydrazino compound of Formula I or II as defined in any of the claims 1 to 26. 

5 

28. The method of claim 27, wherein said contacting occurs in vitro. 



29. The method of claim 27, wherein said contacting occurs in vivo. 

10 30. A method of treating an inflammatory disease or condition, a 

disease related to carbohydrate metabolism, a disease related to aberrations in. 
adipocyte differentiation or function or smooth muscle cell function, or a vascular 
disease, comprising administering to an animal in need or such treatment or 
prevention an effective amount of a hydrazino compound of Formula I or II as 

15 defined in any on of the claims 1 to 26. 
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Control^ Vehicle (water), 2029-10 = example compound 9 at a dose of 10 
mg kg* 1 . 
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